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Background
Systemic misuse and overuse of antibiotics in both humans and animals have resulted in rapid growth of antimicrobial resistance, which threatens the whole globe. With several bacterial strains resistant even to last-resort antibiotics and few replacement products down the pipeline, new strategies are required to combat this problem (1, 2) .
In the Netherlands as well as in most other countries, most antibiotic prescriptions are issued in primary care to patients who consult their general practitioners (GPs) with common respiratory tract infections (RTIs) such as the common cold, acute bronchitis, sore throat, otitis media and rhinosinusitis. Antibiotics have limited efficacy in treating RTIs that are caused by viruses (2) (3) (4) . Although the overall antibiotic prescription rate in the Netherlands is low in comparison to other countries, particularly for upper RTIs (5), prescription rates for lower RTIs and rhinosinusitis are conspicuously high (6, 7) . Most RTIs, however, are self-limiting, and only a small number of patients with signs and symptoms of low RTIs have pneumonia, which could be severe or fatal. Therefore, being able to distinguish mild and severe disease could significantly support the appropriate use of antimicrobials in primary care.
C-reactive protein (CRP) is an acute phase protein that serves as an early marker of inflammation or infection. CRP testing has been shown to be useful in differentiating between bacterial and viral causes for RTIs in general practice (8) (9) (10) (11) . In patients with CRP concentrations <20 mg/l, who did not show more than one out of three clinical predictors of pneumonia (dry cough, fever, diarrhoea), the absolute risk of pneumonia is less than 3% (9) . As the POC-CRP result is available within several minutes, serious pneumonia can be ruled out already during consultation. Several studies have shown that this approach is successful (12) (13) (14) (15) (16) (17) (18) and cost-effective (19) (20) (21) . In 2011, the Dutch College of General Practioners (DCGP) published a guideline on acute cough, which was revised in 2013 and introduced POC-CRP testing in the diagnostic work-up (22) . On the basis of patient history, clinical evaluation and POC-CRP result, the GPs are guided in their decision whether or not to prescribe antibiotics ( Fig. 1) . A DCGP guideline on diverticulitis (2011) also included POC-CRP testing in decision making (23) .
The aim of this study was to implement POC-CRP testing in several primary care practices and to evaluate the compliance to guidelines for the indication of POC-CRP testing. We assessed the influence of age on the decision to perform a CRP test and the effect of the CRP result on the physician's prescription pattern.
Methods
This study is a prospective observational study. It was carried out in 17 primary care centers in the Netherlands, in the residential area of Amersfoort, with nearly 120 000 patients registered. The participating centers were regular health care centers not routinely involved in academic research. From November 2013 to October 2015, 80 participating GPs enrolled all patients aged >18 years presenting with symptoms that were described in the two existing professional DCGP guidelines 'Acute Cough' and 'Diverticulitis'. Children were excluded since neither guideline applies to children and because of limited negative predictive value of CRP for serious disease in young children (24) . The selection of the primary care centers was based on the willingness of their staff to use a POC-CRP device. In the preparatory phase of this study, different CRP devices were evaluated with regard to analytical performance and ease of use. One of these devices, the Afinion AS100 Analyzer (Alere Health Services B.V., Bilthoven, The Netherlands) was selected for installation in all of the primary care centers. In addition, internal and external quality systems were introduced and the devices were connected to the laboratory information system (LIS) of our hospital. Next, key-and end-users (GPs and practice assistants) were trained in operating the device according to written standard procedures, and GPs received information on the indications for and interpretation of POC-CRP measurements as described in the two guidelines mentioned above. After completion of training, the primary care center was considered authorized to use POC-CRP in routine care. Quality assurance was maintained by six-monthly visits to the health center.
The consensus DCGP guideline 'Acute Cough' describes two steps in the diagnostic process (22) . The first step is to differentiate between patients who have low, intermediate or high risk of complicated lower RTI on the basis of anamnesis, signs and symptoms ( Fig. 1) . Low risk corresponds to clinically uncomplicated illness without comorbidity, no fever or fever less than 7 days, and no abnormalities at auscultation. Age <3 or >75 years, fever for 7 days or more, abnormalities at auscultation, and comorbidity are factors that qualify as intermediate or high risk. Intermediate risk is defined by moderate illness, whereas high risk is defined by severe illness (tachypnea >24 breaths/minutes, tachycardia >100 pulse/ minutes, blood pressure <90/60 mmHg, or mental state of confusion or drowsiness). In the second step for each risk group a recommendation on subsequent action is provided: perform POC-CRP test and/or prescribe antibiotics (see Fig. 1 ). The POC-CRP testing is recommended for the intermediate risk group with moderate illness. If the result is <20 mg/l the advice is to refrain from antibiotics, whereas a CRP value >100 mg/l is a reason to start antibiotics. If the result is 20-100 mg/l the clinical judgment of the physician is decisive.
The DCGP guideline 'Diverticulitis' (23) recommends a quite similar approach. Specifically, a CRP concentration >20 mg/l supports a diagnosis of uncomplicated diverticulitis in the presence of specific signs and/or symptoms, while a CRP concentration >100 mg/l is indicative of a complicated diverticulitis.
After every POC-CRP test, the general practitioners were asked to fill out a registration form to record the indication for performing the POC test, the measured CRP concentration, and whether antibiotics were prescribed. After data collection, the GPs were interviewed to verify and review the data. To prevent bias in recording the CRP results, the amount of the reagent that was used to perform the POC-CRP test was compared to the number of CRP test results that were reported. The missing data was actively requested from the participating centers.
The recorded indications for performing a CRP test were categorized as 'guideline compliant', 'possibly guideline compliant' and 'not guideline compliant' according to the DCGP guidelines, 'Acute Cough' and 'Diverticulitis' (Table 1) . 'Guideline compliant' reflected the use of POC-CRP testing to be fully in line with the guidelines, for example if 'cough' or 'diverticulitis' were literally mentioned. If one of the alarming symptoms for pneumonia were mentioned (e.g. hemaoptoe, chest pain), the indication was also categorized as 'guideline compliant'. If, on the other hand, the decision to measure CRP was based on signs and/or symptoms that were not very specific for pneumonia or diverticulitis-such as 'stomach pain', which, for instance, could also suggest appendicitis-the indication was categorized as 'possibly guideline compliant'. All other reasons for performing a POC-CRP test, such as urinary tract infection, erysipelas etc., were classified as 'not guideline compliant'. The number of POC-CRP measurements was further divided in age groups and per primary care center, in relation to the category for indication according to the DCGP guidelines.
To gain more understanding of antibiotics prescription behavior, patients within the 'guideline compliant' (n = 1359) class were divided into three groups, based on the result of the CRP test (<20, 20-100 and >100 mg/l). Within these groups, the percentages of antibiotic prescriptions per primary care center were calculated. Individual results were compared and discussed in a regional meeting of participating GPs.
Results

Patient characteristics
In total, 1756 patients ranging from the age of 18-97 years were included in the study. These patients visited 17 different primary care centers.
Indications for POC-CRP testing by general practitioners Table 1 represents a stratification of indications as 'guideline compliant', 'possibly guideline compliant' or 'not guideline compliant'.
During our study, POC-CRP test was mostly (n = 1359; 71%) performed by GPs after a patient presented with signs and/or symptoms of pneumonia or diverticulitis ('guideline compliant'). A total of 21% (n = 406) of POC-CRP measurements were performed for indications classified as 'possibly guideline compliant'. Eight percent (n = 154) of all CRP measurements were performed for indications other than pneumonia or diverticulitis ('not guideline compliant'). Figure 2A indicates the number of POC-CRP measurements for different age groups and categorized for indication according to the DCGP guidelines. In younger patients, the indications for performing POC-CRP measurements were more frequently categorized as 'possibly guideline compliant', whereas in older patients measurements were more frequently categorized as 'guideline compliant' (Fig. 2A) . The absolute number of measurements was higher in age groups 50-59 years and 60-69 years.
Interestingly, we found a high degree of variation between primary care centers with regard to whether the indications for performing the measurements were in line with the stated indications in the two DCGP guidelines (Fig. 2B) .
Variation in antibiotic prescription based on the outcome of CRP measurements
The DCGP guidelines advise measuring CRP concentration in moderately ill patients with a complicated RTI with suspected pneumonia as indicated in Figure 1 . The outcome of CRP measurement determines whether antibiotics should be prescribed. Of all measured CRP values 26.5% (508/1919) was followed by prescription of antibiotics. In Figure 3A , the 'guideline compliant' patients with suspected pneumonia (n = 1324; diverticulitis patients were excluded) were categorized based on CRP value and on whether or not antibiotics were prescribed. In total, 28.3% of this group was prescribed antibiotics. The majority of patients (65.3%, 865/1324) were found to have CRP concentrations below 20 mg/l (Fig. 3A) , whereas 28.4% (376/1324) had a CRP value between 20 and 100 mg/l, and 6.3% (83/1324) had a CRP value >100 mg/l. In the group <20 mg/l, 3.9% (34/865) of the CRP measurements still resulted in treatment with antibiotics. Also, 4.8% (4/83) of patients with CRP concentrations >100 mg/l were not treated with antibiotics. In the patient group with measured CRP concentrations between 20 and 100 mg/l, clinical presentation was decisive as per the guidelines, which resulted in 69.7% of the CRP measurements within this group (262/376) being followed by antibiotic treatment (Fig. 3A) . Since we found a large variation between the different primary care centers in the use of POC-CRP testing in light of the guidelines (Fig. 2B) , we also expected differences in antibiotic prescription between the centers in the group of patients with measured CRP concentrations between 20 and 100 mg/l, which indeed proved to be the case (Fig. 3B) .
DCGP guidelines and patient age determine antibiotics prescription rate
As we found a large variation in antibiotic prescription rate between primary care centers in the patient group with measured CRP concentrations between 20 and 100 mg/l (n = 525) (Fig. 3B) , we tried to identify the underlying determinants. In the 'guideline compliant' group (74.3% n = 390), 268 CRP measurements (68.7%) were followed by antibiotic prescription (Fig. 4A) . Interestingly, in the 'possibly guideline compliant' (n = 110) and 'not guideline compliant' (n = 25) groups, 51 (46.4%) and 14 (56%) of the measurements, respectively, were followed by antibiotic treatment (Fig. 4A) . Moreover, we found an age-dependent association in prescribing antibiotics in the patient group with suspected pneumonia ('guideline compliant', n = 374) and with measured CRP concentrations between 20 and 100 mg/l (Fig. 4B ).
In the age groups 30-39, 40-49, 50-59, 60-69 and 70-79, 65.9% (n = 27/41), 72.5% (n = 37/51), 71.8% (n = 51/71), 75.3% (n = 64/85) and 73.2% (n = 52/71) of the patients, respectively, were treated with antibiotics. In age groups 19-29 and 80+ antibiotics were prescribed in, respectively, 51.6% (n = 16/31) and 62.5% (n = 15/24) of the cases (Fig. 4B) .
Discussion
In primary care, it remains a major challenge to identify among patients that present with signs and symptoms of lower RTIs those that will benefit from antibiotic treatment. Measurement of CRP has been used to guide antibiotic management, and the rapid POC-CRP testing, which provides a CRP concentration within minutes during the consultation, is now widely used in general practice (25) . Especially in case of diagnostic uncertainty after clinical examination measuring CRP level can support the detection of pneumonia (9) (10) (11) . In Scandinavia, the POC-CRP testing has proven to be costeffective and forms a routine part of general practice in patients with lower RTIs (20, 26) . A recent study showed that POC-CRP testing influenced GPs to change their decision about antibiotic prescription in patients with acute cough, although it did not further reduce overall prescription rates by GPs who already had a low antibiotic prescription rate (27) . The use of POC-CRP testing and interpretation of CRP measurements in patients with suspected pneumonia have been introduced in both national and international primary care guidelines (28, 29) . However, little is currently known about the GPs' adherence to these guidelines. This study shows that there is a large variation between GPs in the usage pattern of POC-CRP testing. In 17 primary care centers in The Netherlands, 92% of POC-CRP measurements were conducted for indications as stated in the DCGP guidelines, 'Acute Cough' and 'Diverticulitis'. Most of the time, POC-CRP testing was used for patients who presented with signs and symptoms related to pneumonia or diverticulitis, although several practices regularly used the POC-CRP test for indications outside the scope of the DCGP guidelines, reportedly because of the convenience of having the device at their disposal already.
Previous studies have reported antibiotic prescription rates ranging from 30% to 38% in CRP-tested intervention groups for RTIs (12, (14) (15) (16) 18, 27) . In our study this rate was lower, i.e. 28.3%, when the guideline 'Acute Cough' was followed. This can be explained by the fact that during the installation period the GPs received information on the indications for and interpretation of the POC-CRP measurements as described in the DCGP guidelines.
The majority of patients tested had low CRP levels (<20 mg/l) and therefore did not need antibiotics. Nonetheless, in 2.6% of cases antibiotics were prescribed, most likely due to patient expectations and/or tenacity. During the discussion of the results per practice with the GPs, they stated that some of the younger patients insisted on treatment with antibiotics and it was not possible to convince them otherwise. A large variety in antibiotic prescription between GPs was noticed in the group of patients with CRP levels between 20 and 100 mg/l. In the presence of an indication for POC-CRP test according to the guidelines, these patients were more frequently treated with antibiotics. Patients >30 and <80 years old were also more often treated with antibiotics. We found that the absolute number of measurements was highest in the age group 60-69, which potentially represents a group of more vulnerable patients with comorbidity and more prominent complaints. Patients who were not treated with antibiotics despite a CRP value >100 mg/l were referred to secondary care and treated with antibiotics in the hospital.
The strength of this observational study as opposed to a randomized controlled study is that the use of POC testing and antibiotic prescription behavior described in this article represents a realistic reflection of the mainstream of everyday practice in primary care and that all POC testing was performed under clinical relevant conditions. An additional strength of this study is that all participating primary care centers used the same type of POC-CRP device, and received the same instructions on the proper use of POC-CRP and prescription of antibiotics. A limitation of this study is that it fully depends on the data provided by the GPs, although indications and antibiotic prescription were verified afterwards. Moreover, several primary care practices (practices 1, 10 and 12) had relatively small amounts of POC-CRP measurements due to a more recent installation of their CRP device. Lastly, we did not register relevant comorbidities such as diabetes mellitus, asthma, heart failure, impaired immunity, etc., which could have influenced the use of POC-CRP testing and antibiotic prescription by GPs. The 'guideline compliant' patients with suspected pneumonia were categorized on the basis of the CRP value (CRP intervals: <20, 20-100 and >100 mg/l) and whether or not antibiotics were prescribed ('yes' or 'no'). (B) The variation between primary care centers in antibiotic prescription rate was depicted. Bars were labeled with absolute numbers.
Conclusion
Our study indicates differences between GPs in both performing POC-CRP testing according to the guidelines and antibiotic prescribing rates, which emphasizes that more education and training are needed to reduce antibiotic over prescription. The patients having a CRP value between 20 and 100 mg/l with suspected pneumonia ('guideline compliant') were divided into age groups. 'Yes' indicated the number of patients by whom antibiotics were prescribed, whereas 'No' indicated the contrary.
